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Abstract  Postoperative  bleeding  following  abdominal  surgery  is  relatively  rare  and  mainly
depends  on  the  type  of  surgery.  Although  bleeding  is  usually  controlled  by  simple  local  treatment
of symptoms,  speciﬁc  treatment  including  surgery  or  interventional  radiology  is  sometimes
necessary. This  article  reviews  the  clinical  features  that  must  be  recognized  depending  on  the
type of  surgery  and  especially  focuses  on  the  role  of  the  radiologist  in  the  management  of  this
complication.© 2015  Published  by  Elsevier  Masson  SAS  on  behalf  of  the  Éditions  françaises  de  radiologie.
Background
The  major  causes  of  postoperative  bleeding,  all  types  of  surgery  combined,  are  a digestive
ulcer  especially  during  a  stay  in  intensive  care  (stress  ulcer),  rupture  from  direct  arterial  or
venous  trauma  and  delayed  rupture  from  a  previously  existing  pseudoaneurysm.  Erosion  of
a  vascular  structure  due  to  digestive  or  pancreatic  ﬁstula  is  the  fourth  most  common  cause
of  postoperative  bleeding.  The  ﬁrst  section  describes  these  different  causes  of  bleeding  in
relation  to  the  type  of  surgery.
Post-hepatectomy
Post-hepatectomy  hemorrhage  has  been  classiﬁed  by  the  International  Study  Group  of  Liver
Surgery  [1].  Signiﬁcant  hemorrhage  is  deﬁned  as  a  decrease  in  hemoglobin  of  more  than
3  g/dl  compared  to  preoperative  values.  The  mortality  rate  increases  rapidly  depending
on  the  number  of  transfusions  and  bleeding  is  classiﬁed  according  to  treatment  (Table  1):
grade  A  corresponds  to  a  transfusion  of  2  units  of  packed  red  blood  cells  with  a mortality
rate  of  1.4%,  grade  B  to  more  than  2  units  of  packed  red  blood  cells  with  a  mortality
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Table  1  Classiﬁcation  of  post-hepatectomy  hemorrhages  according  to  the  International  Study  Group  of  Liver  Surgery
[1].
Grade  A  Grade  B  Grade  C
Clinical  No  risk  Deteriorated  Life-threatening  risk
Symptoms  None  Hypotension  tachycardia
possible
Hemodynamic  instability,
potential  shock
Response  to  transfusion Yes  Yes  or  no  No
Requires  radiological
diagnosis
No Yes Yes
Radiological  diagnosis  Hematoma  and  or
hemoperitoneum
Hematoma,  hemoperitoneum.
Active  leak  possible
Hematoma,
hemoperitoneum.  Active
leak  visible
Duration  of  stay  Not  extended  Often  extended  Extended
Treatment  Stop  AC,  transfusion  (2  units  of
packed  red  blood  cells  or  less)
Stop  AC,  Transfusion  (more  than
2  units  of  packed  red  blood  cells)
Embolization  and  or
laparotomy
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SAC: anticoagulant.
ate  of  25%  and  grade  C  to  a  recurrent  hemorrhage  requiring
peciﬁc  surgical  treatment  or  embolization  with  a  mortality
ate  of  approximately  50%.
The  causes  of  bleeding  are  injury  to  a  hepatic  vein  in  33%
f  cases,  superﬁcial  bleeding  in  25%  of  cases,  an  arterial
njury  in  16%  of  cases  and  no  speciﬁc  cause  in  25%  of  cases
2,3].  It  should  be  noted  that  in  case  of  a  second  surgical
ntervention,  the  estimated  mortality  is  approximately  9%
f  surgery  is  performed  within  6  hours  after  bleeding  begins
nd  25%  6  hours  after  bleeding  begins  [4].  Because  of  the
ower  risk,  interventional  radiology  should  be  considered  the
rst-line  treatment  in  these  cases.
fter liver  transplantation
his  is  a  relatively  rare  complication,  which  occurs  in  an
stimated  9%  of  transplantations.  Bleeding  occurs  a  mean
.1  days  after  transplantation  and  the  most  common  causes
re  bleeding  from  a  right  phrenic,  and  right  or  left  epigas-
ric  arteries,  or  from  an  intercostal  artery.  The  ﬁrst-line
reatment  option  should  be  endovascular  but  surgical  treat-
ent  remains  indicated  for  venous  bleeding,  especially  if
he  source  is  the  vena  cava  or  portal  anastomoses  [5].
fter pancreatic surgery
nce  again  a  decrease  in  hemoglobin  of  more  than  3  g/dl
ompared  to  preoperative  values  is  considered  to  be  post-
perative  bleeding  [6].
This  complication  is  relatively  rare  and  estimated  to  be
etween  3.3%  and  10%,  all  types  of  pancreatic  surgery  com-
ined  [7].  In  21%  of  cases  it  develops  early,  within  24  hours
fter  surgery  and  is  generally  an  extraluminal  hemorrhage.
n  79%  of  cases,  the  onset  is  late,  more  than  24  hours  after
urgery,  and  it  occurs  a  mean  12  days  after  surgery.  In  69%
f  cases  bleeding  is  due  to  intraluminal  hemorrhage  of
igestive  anastomoses  [8].  There  are  numerous  causes  for
leeding  from  digestive  anastomoses  or  damaged  vascular
tructures  [9].  Post-surgical  pancreatic  hemorrhages  have
een  classiﬁed  by  The  International  Study  Group  of  Pancre-
tic  Surgery  (Table  2).
A
c
hfter digestive tract surgery
verall,  the  estimated  rate  of  postoperative  hemor-
hage  following  gastrointestinal  surgery  for  cancer  is
pproximately  0.9%,  with  a  high  estimated  mortality  of
pproximately  20%  [10].
Bleeding  is  the  cause  of  postoperative  mortality  in  9%  of
atients  following  esophageal  surgery.  Once  again,  endovas-
ular  treatment  is  advised  in  most  studies  in  the  literature.
The  estimated  rate  of  hemorrhagic  complications  fol-
owing  gastrectomy  is  0.9%  (in  a  series  of  more  than
500  patients)  [11], with  a  mortality  rate  of  20%.  Endovas-
ular  treatment,  performed  as  ﬁrst-line  treatment  in  80%  of
ases,  is  associated  with  a  success  rate  of  80%  [11].
Ileocolic  anastomoses  are  associated  with  hemorrhagic
omplications  in  5  to  19%  of  cases,  depending  on  the  surgical
echnique.  Only  1.4%  are  severe  [12].
During  colon  surgery,  perioperative  bleeding  is  the  cause
f  9%  of  coelioscopic  conversions  to  open  surgery  [13].  How-
ver  the  risk  of  bleeding  is  not  greater  with  coelioscopy  than
ith  laparotomy  [14].
In  case  of  rectal  surgery,  the  risk  of  bleeding  is  mainly
erioperative  (3%  of  presacral  bleeding)  [15].
fter nephrectomy
ephrectomy,  especially  partial  nephrectomy,  is  associated
ith  a  high  rate  (4.7%)  of  postoperative  hemorrhage  [16].
ore  than  250  ml  of  blood  loss  should  alert  the  clinician  [17].
mbolization  is  the  ﬁrst-line  treatment  in  almost  all  studies,
hether  bleeding  occurs  early  or  late.  [17,18]
ole of diagnostic radiology
tandard examination: computed tomography diagnosis  of  bleeding  is  suggested  by  a  poor  clinical
ondition  that  may  include  a  state  of  shock,  a  decrease  in
emoglobin  and/or  the  presence  of  blood  in  the  drain  [2].
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Table  2  Classiﬁcation  of  post-pancreatectomy  hemorrhages  according  to  the  International  Study  Group  of  pancreas
Surgery  [6].
Grade  A  Grade  B  Grade  C
Start  <  24  h  <  24  h  >  24  h
Site
Abundance
Intra-  or  extraluminal
Moderate  (drop
Hg  <  3  g/dl)
Intra-  or  extraluminal
Severe  (drop  Hb  >  3  g/dl)
Intra-  or  extraluminal,  severe
Clinical  status  Preserved  Often  good  or  intermediate  Shock
Exploration  No  Yes  Yes
Treatment  Stop  AC,  transfusion,
MDCT  if  needed
Stop AC,  transfusion,  MDCT
and  endoscopy  if  needed
Stop  AC,  MDCT,  angiography  or  endoscopy
AC: anticoagulants; MDCT: multidetector computed tomography; Hb: hemoglobin.
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•The  latter  sign  is  a  strong  warning  and  must  always  alert  the
clinician  [2].
Multidetector  computed  tomography  (MDCT)  is  the  ﬁrst-
line  imaging  test  for  the  diagnosis  of  abdominal  bleeding,
postoperative  or  otherwise  [19].  In  fact,  MDCT  is  the
most  readily  available  and  the  least  invasive  test,  which
also  provides  detailed  vascular  mapping.  Although  it  was
traditionally  considered  to  be  was  more  sensitive  than
arteriography  the  most  recent  studies  show  that  MDCT  is
as  sensitive  as  arteriography  [20].  These  results  can  be
explained  by  the  improvement  in  angiographic  techniques
(sensors,  micro  catheterization)  and  the  orientation  pro-
vided  by  a  prior  MDCT  examination.  The  role  of  other  types
of  imaging  is  limited.  Although  ultrasound  cannot  provide
a  diagnosis  of  bleeding  in  solid  organs,  it  is  effective  for
the  diagnosis  of  intra-abdominal  extravasation  [21].  Finally,
exploratory  laparotomy,  invasive  arteriography  and  lavage
should  be  abandoned  and  replaced  by  MDCT  [22].
The  MDCT  examination  should  be  performed  in  several
phases:  a  non-enhanced  sequence  should  be  performed
followed  by  a  contrast  enhanced  arterial  phase,  a  por-
tal  phase  and  if  necessary  a  delayed  phase  sequence.
The  injection  rate  is  usually  fast,  between  3  and  4  ml/s
•
Figure 1. a: non-enhanced axial sequence showing a hematoma in t
sequence following contrast material administration which masks the hi
hematoma (active bleeding).ith  a  high  concentration  of  contrast  material.  MIP  (maxi-
al  intensity  projection),  MPR  (multiplanar  reconstruction).
ascular  reconstructions  should  be  performed.  Gastroin-
estinal  preparation  is  not  helpful  in  this  emergency
ituation.  If  it  is  performed,  negative  contrast  obtained  by
ater  should  be  given.  Indeed,  gastrointestinal  preparation
ith  positive  contrast  agents  is  completely  contraindicated,
ince  this  could  mask  any  extravasation  of  intravenously
dministered  iodinated  contrast  materials.
omputed tomography features
here  are  four  basic  lesions  on  MDCT  [22,23]:
hemoperitoneum  and  hemoretroperitoneum  are  char-
acterized  by  the  visualization  of  a  spontaneously
high-attenuation  mass  or  effusion  (more  than  40  HU).
The  MDCT  protocol  should  be  carefully  followed  because
high-attenuated  blood  may  be  masked  after  contrast
administration.  A  non-enhanced  sequence  is  therefore
essential  for  detection  of  this  entity;
a  hematoma  is  seen  as  spontaneously  high-attenuation
round  or  oval  shaped  collection  of  blood.  As  with
blood  effusion  explained  above,  the  spontaneous
he left iliac fossa following sigmoid surgery (arrow); b: the same
gh-attenuation. Note extravasation of the contrast material in the
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pigure 2. Comparison between sequence before (a) and after
ancreatectomy hemorrhage; spontaneous high attenuation is more
high-attenuation  may  be  masked  after  contrast  material
injection  and  be  more  difﬁcult  to  identify  (Figs.  1  and  2);
the  sentinel  clot  sign  refers  to  the  fact  that  clotted  blood
can  be  found  close  to  the  area  of  active  bleeding  allow-
ing  localization  of  this  area.  This  sign  is  not  always  seen
(Fig.  3);
extravasation  of  contrast  material,  also  called  blush,  is  a
sign  of  active  bleeding  (Figs.  4  and  5).  It  can  be  detected
on  arterial  phase  images  and  is  a  sign  of  arterial  extrava-
sation,  or  on  portal  phase  images,  suggesting  venous
extravasation.  The  site  of  active  bleeding  should  be
clearly  determined:  in  the  parenchyma,  a  muscle  or  intra-
luminal  or  extraluminal  peritoneum;  in  the  latter  2  cases,
a
t
igure 3. Postoperative bleeding from the small intestine during colo
uggesting the origin of the bleeding (arrow); b following iodinated contr
arrow).
igure 4. The same patient as in Fig. 1. Extravasation of contrast m
hase sequences. Extravasation (arrows) extends over time, signaling aciodinated contrast material administration for a cephalic post-
le on unenhanced images (arrow).
bleeding  is  more  serious  because  negative  pressure  in
the  peritoneum  makes  it  impossible  for  the  bleeding  to
stop.  In  contrast,  intraparenchymatous,  intramuscular  or
retroperitoneal  bleeding  is  generally  less  serious  and  may
stop  spontaneously  once  the  pressure  in  the  hematoma
becomes  greater  than  the  blood  pressure.  Active  bleed-
ing  of  more  than  1  cm  in  diameter  or  peritoneal  extension,
are  signs  of  severe  bleeding  suggesting  extensive  extrava-
sation.MDCT  is  the  best  tool  to  diagnose  bleeding,  locate  the
rtery  that  is  the  source  of  bleeding  and  to  help  determine
he  therapeutic  strategy.
n surgery: a: spontaneous high attenuation of small sentinel clot
ast material injection, visualization of small area of active bleeding
aterial is clearly visible on arterial (a), portal (b) and delayed (c)
tive bleeding.
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Figure 5. 27-year-old man who underwent a partial gastrectomy for a stenosing antropyloric ulcer. The patient presented with hypov-
olemic shock and endoluminal bleeding visible on MDCT (a: non-enhanced and b: following contrast material administration, arrow): c: MIP
uperi
show
•
•
o
t
Treconstruction showing the source of bleeding on a branch of the s
arterial phase sequence with clearly visible blush; e: venous phase 
The role of interventional radiology
As  mentioned  above,  interventional  radiology  is  ﬁrst-line
technique  for  the  management  of  this  postoperative  compli-
cation  [24].  In  this  context,  additional  surgery  in  the  early
postoperative  period  is  associated  with  signiﬁcant  mortality,
especially  following  hepatectomy  or  pancreatectomy.  Thus,
interventional  radiology  must  be  proposed  as  the  ﬁrst-line
treatment  [25].  There  are  no  large  series  in  the  literature
because  this  is  a  rare  complication.  Thus,  there  are  no  prac-
tical  guidelines  and  we  can  only  provide  recommendations
to  avoid  complications  or  unsuccessful  procedures:
• glue,  particularly  pure,  and  small  embolization  particles
are  associated  with  a  greater  rate  of  necrosis  (approx-
imately  9%).  There  is  also  a  risk  of  abscess  with  small
particles.  Thus  this  type  of  material  must  be  used  with
caution  in  case  of  distal  or  terminal  vascularization.  For
non-terminal  arteries,  a  sandwich  technique  involving
occlusion  of  the  artery  upstream  and  downstream  of  the
m
b
(or mesenteric artery (arrow). Arteriography conﬁrms bleeding (d:
s extravasation of contrast material).
extravasation  must  be  performed  [26]. Otherwise,  re-
bleeding  may  occur;
embolization  of  the  gastroduodenal  artery  has  been
shown  to  reduce  the  risk  of  re-bleeding  in  case  of  gas-
trointestinal  bleeding  that  is  not  visible  on  arteriography
(but  has  been  conﬁrmed  by  MDCT,  endoscopy  or  based  on
clinical  signs)  [27];
ﬁnally,  and  more  recently,  in  case  of  a  bleeding  ulcer  in
a  context  of  intensive  care,  preventive  occlusion  of  the
gastroduodenal  artery  following  successful  endoscopic
hemostasis  reduces  the  rate  of  recurrence  [28].
As  a  conclusion,  there  are  no  uniform  rules  on  the  choice
f  embolization  material;  this  is  based  on  the  usual  prac-
ices  of  the  medical  center  and  the  operator’s  experience.
here  are  different  procedures  with  different  embolization
aterials  in  different  contexts  (Figs.  6—8).
An  algorithm  of  patient  management  of  postoperative
leeding  in  relation  to  the  clinical  context  can  be  proposed
Fig.  9).
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Figure 6. 66-year-old man, who underwent wedge resection of a CHC on alcoholic cirrhosis. Postoperative bleeding from a ruptured
pseudoaneurysm causing hemoperitoneum: a: non-enhanced acquisition shows a hematoma in the resected space (empty arrow) and
hemoperitoneum (thin white arrow); b: arterial phase sequence showing a pseudoaneurysm in the resected space (arrow). Selective
arteriography before (c) and after embolization with biological glue (d).
Figure 7. Extensive extravasation of contrast material after right hepatectomy: a: presence of hemoperitoneum (white arrow), hematoma
of the resected space (empty arrow) and extensive area of active bleeding (curved arrow); b: arteriography shows extravasation. Successful
embolization was obtained using biological glue.
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Figure 8. 75-year-old patient who underwent partial nephrectomy for adenocarcinoma of the right kidney. Signs of bleeding 72 hrs
after surgery leading to MDCT: a: non-enhanced sequence showing hematoma of the retroperitoneum; b: MIP axial reconstruction shows
extravasation of contrast material in the hematoma (arrow); c: coronal reconstruction; d: renal angiography conﬁrming extravasation
(arrow); e: control angiography following embolization with resorbable particles.
Figure 9. Algorithm of patient management for postoperative hemorrhage.
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onclusion
ostoperative  abdominal  hemorrhage  is  a  rare  but  poten-
ially  severe  complication  with  a  high  mortality.  MDCT  must
e  performed  in  all  cases  to  determine  the  location  and
ource  of  bleeding.  Interventional  endovascular  radiology
hould  be  proposed  as  the  ﬁrst-line  treatment  because  it
s  associated  with  low  mortality  and  morbidity  compared  to
urgery.  Preventive  endovascular  embolization  also  seems
o  be  a  possible  option  in  potentially  serious  cases  who  have
ad  a  ﬁrst  episode  of  bleeding  from  a  gastroduodenal  ulcer.
Take-home  messages
• Postoperative  hemorrhage  is  always  a  serious  event.
• The  ﬁrst-line  technique  for  the  investigation  of
digestive  luminal  hemorrhage  is  endoscopy.
• The  ﬁrst-line  imaging  technique  for  the  investigation
of  non-luminal  hemorrhage  is  MDCT  including
unenhanced,  arterial,  portal  and  delayed  imaging
phases.
• Embolization  should  be  discussed  as  the  ﬁrst-line
treatment  if  treatment  is  needed.
linical case
 77-year-old  woman  underwent  biliodigestive  surgical
erivation  for  non-resectable  adenocarcinoma  of  the  pan-
reas.  Twenty-four  hours  after  surgery  the  patient  presents
n  poor  clinical  condition  with  severe  upper  gastrointestinal
leeding.
uestions
.  What  do  you  prescribe  as  the  ﬁrst-line  imaging  test?
 —  Simple  abdominal  x-ray
 —  Ultrasound
 —  Multidetector  computer  tomography
 —  Upper  GI  endoscopy
 —  Abdominal  MRI
g
r
igure 10. a: MDCT shows a thin and inﬁltrated gastroduodenal artery (a
rtery by coils (arrow).J.-P.  Tasu  et  al.
.  Bleeding  is  identiﬁed  in  the  antropyloric  region  that  has
oagulated  with  difﬁculty.  Rebleeding  occurs  in  the  patient
2  hours  later.  Endoscopy  is  then  attempted  but  is  unsuc-
essful  due  to  severe  bleeding  preventing  local  treatment.
he  patient  is  not  in  a  state  of  shock.
What  examination  do  you  prescribe?
 —  Plain  abdominal  x-ray
 —  Doppler  ultrasound
 —  MDCT
 —  Upper  GI  endoscopy
 —  Abdominal  MRI
.  The  examination  shows  a thin  and  inﬁltrated  gastroduo-
enal  artery  (Fig.  10a,  arrow)  without  active  bleeding.
What  do  you  prescribe?
 —  Medical  treatment  with  transfusion  only
 —  Palliative  care
 —  A  hemostasic  gastrectomy
 —  Palliative  surgery  with  hemostatic  tamponade
 —  Therapeutic  arteriography
.  Active  bleeding  is  not  found.  What  do  you  propose?
 —  Preventive  embolization  of  the  gastroduodenal  artery
 —  Embolization  of  the  coeliac  trunk
 —  Embolization  of  the  superior  mesenteric  artery
 —  No  treatment
 —  None  of  the  above
esponses
:  D.
Upper  GI  endoscopy  should  provide  the  diagnosis  and
reatment  for  this  hemorrhage.
:  C.
The  goal  is  to  identify  the  source  of  bleeding  and  perform
ascular  mapping  before  possible  endovascular  treatment.
.  E.
This  is  the  most  effective  and  least  invasive  option.
.  A.  This  procedure  allows  upper  GI  hemorrhage  to  be
reated,  even  if  it  is  not  visible  on  diagnostic  arteriography
nd  decreases  the  risk  of  recurrence.Preventive  embolization  was  performed  by  coiling  of  the
astroduodenal  artery  (Fig.  10b,  arrow).
The  patient  rapidly  improved  after  the  procedure  without
ecurrence.  She  was  discharged  from  the  hospital  on  Day  32.
rrow), without active bleeding; b: treatment of the gastroduodenal
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